species and source. Often, conflicting data have been from USA) was the main protein source, making reported (Degani 1986) .
up 25% of the total. Wheat, corn and barley were Plant energy sources, carbohydrates as well as likewise imported from the USA and ground to oils, are usually the least expensive form of energy meal in the authors' laboratory. The diet for animals, but their utilization efficiency varies formulations used and their analysis are given in among fish species. Grain sources are poorly digested Table 1 . All the diets were fed in pellet form, by carnivorous fish, especially trout, although eels, prepared by a steam pellet press (Degani et al. which are also carnivorous, convert wheat meal 1997) in the Galilee Technological Center, northern quite efficiently (Degani & Levanon 1987; Degani Israel. All additives (egg binder, vitamins and 1987; Degani & Gallagher 1996) . Viola, Mokady, markers) were mixed into the diets prior to Rappaport & Arieli (1982) and Viola, Arieli & Zohar pelletting. (1988) developed feeds for intensive common carp, Cyprinus carpio (Linnaeus) and tilapia, Oreochromis aureus, culture, without any animal protein.
Feeding trials and analysis The determination of the energy digestibility of Five samples were taken from the diet itself, and ingredients is a prerequisite to any attempt to faeces from the cloaca of the five fish, by means formulate diets by linear programming, which has of a canula (8 mm external, 6 mm internal been in use for many years for catfish, Clarias diameter), inserted to a depth of 0.5 cm, 6 h after gariepinus, and trout, Oncorhynchus mykiss, (Chow, feeding. A total of 30 samples of faeces was Ramsey & Waldrup 1980; Robinette 1989) . Thus, collected. Samples were analysed for dry matter, the purpose of this study was to examine the crude protein, crude fat, ash content and Cr 2 O 3 , apparent digestibility of energy of three common according to Henken, Lucas, Tijsse & Machiels feed ingredients which are relatively high in (1987) . carbohydrates: wheat, barley and corn meal, in common carp.
Digestibility

Materials and methods
The apparent digestibility of proteins, Fish carbohydrates, fats and total energy was measured, The common carp used in this study were obtained using the chromic oxide method described by from Kibbutz Kfar Giladi. The size of fish used in Brisson (1956) and by Maynard & Loosli (1962) , this study ranged from 500 to 800 g. The fish as modified by Hanley (1987) . Energy was were fed the basal diet for 2 weeks before the measured by a bomb calorimeter. start of the experiment, and then the experimental diet for 1 week before sampling began. They were fed daily at 0800 h, at a rate of 3% of body Nutritive analysis weight. Samples were taken from the diet itself Diets and faeces were analysed by identical and from the cloaca of the fish, by means of a methods: dry matter, by drying at 150°C for 10 h canula, 6 h after feeding, over a period of 3 weeks.
(constant weight), ash by incineration at 600°C for 12 h, crude protein by the Kjeldahl technique Culture system (protein ϭ N ϫ 6.25), and total lipid according to Folch, Lee & Sloane-Stanley (1957) . Crude fibre The culture system used was a recirculating in the diets was analysed by 1010 Extractor system, with a constant air supply and temperature (Tecator Co., Sweden) in our laboratory. The (23°C), and with water flow 20 ml h -1 . Fish were carbohydrate content in feed and faeces was maintained individually in aquariums measuring subsequently calculated as the difference between 40 ϫ 40 ϫ 80 ϫ cm.
dry matter content (100%) and the total sum of protein, fat and ash content in the dry matter Diet formulation (Henken et al., 1987) . The concentration of the indicator, chromic Diets were formulated from ingredients available commercially in Israel. Soybean meal (imported oxide (Cr 2 O 3 ), was measured by spectrophotometer (Furakawa & Tsukahara 1986). The energy of Results ingredients and faeces was measured by bomb
The results of the analysis of the diets and faeces calorimeter.
are given in Tables 2 and 3 . The apparent digestibility of various components of the diets is shown in Table 4 . The principal difference among the diets Calculation was the carbohydrate sources, which were wheat The following formula was used to calculate meal, barley meal and corn meal. apparent digestibility:
The level of carbohydrates in the carbohydrate sources was between 74 and 84% (Table 1) , while Apparent digestibility (%) the levels of protein were low, at 10-14%. Hence, %Cr 2 O 3 in feed the carbohydrates were the main source of energy.
The results show that, in the common carp, %Cr 2 O 3 in faeces the protein digestibility of wheat meal (92%) is % nutrient in faeces significantly higher (P Ͻ 0.05) than that of corn ϫ ] meal (81%) and barley meal (72%), which results % nutrient in feed in a digestible energy in wheat of 12.39 kJ g -1 , The apparent digestibility of the separate 6.69 kJ g -1 in barley and 9.32 kJ g -1 in corn (Tables  components of the diets was calculated according to: 3 and 4). The difference is because the apparent digestibility of both protein and carbohydrates in AD* test diet wheat was higher than in the other carbohydrate AD total diet -(AD basal diet ϫ proportion of basal diet)
sources. ϭ
The level of oil in the carbohydrate sources was proportion of test diet.
very low, between 1% and 4% ( Table 1) . The (*AD ϭ apparent digestibility) apparent digestibility of oil in wheat meal (80%) The significance of difference between results was and in corn meal (82%) is significantly higher than that of oil in barley meal (67%). analysed by Student's t-test. However, the use of such a variety of methods in different studies makes the comparison of results a difficult matter (Henken et al., 1987) . Moreover, the apparent digestibility of a given component is Discussion affected by the remaining components of the diet. Other parameters may also affect the comparison of To obtain optimal digestibility, the nutritional results of different studies: the amount fed in each components of fish diets must be studied and trial, the age and size of the fish, the temperature formulated separately for each species. The and quality of the water. Further factors are the determination of digestibility, together with chemical percentage of crude fibre and of ash, but these were analysis, allows a more exact estimation of the low enough in the experiments carried out in this natural value of a given protein and carbohydrate study to avoid any significant effect on the results. source (Plakas & Katamaya 1981) .
All in all, these factors are the cause of possible The chromic oxide method of determining differences between apparent digestibility and true apparent digestibility (Austreng 1978) , used in the digestibility. present study, has been widely used in studies of
The results of the present study indicate that the fish feeds, although various other methods have apparent digestibility of wheat meal is significantly been developed and used. These include abdominal higher than that of barley meal or corn meal, but pressure (Nose 1967) and metabolic chambers and it must be pointed out that the composition and suction (Schmitz, Greuel & Pfeffer 1984) . Each method has to be specially adapted to the species in proportion of protein and carbohydrate components (Table 4) . The results of another study in this 104. series, currently in press, showed that the apparent Degani G., Viola S. & Yehuda Y. (1997) Apparent digestibility of fish oil was higher than that of poultry digestibility coefficient of protein sources for carp, oil, and that both were higher than for soy oil, Cyprinus carpio L. Aquaculture Research, 28, [23] [24] [25] [26] [27] [28] indicating that oil from animal sources is more 
